Abstract -Diesel Engines Are The Primary Source Of Power For Heavy Duty Vehicles; Diesel Engines Have
I.INTRODUCTION
Diesel engines due to their higher efficiency compared to spark ignition engines, have found increased uses in wide ranging applications, such as power stations and as prime movers with heavy duty and light duty applications. Diesel engine manufacturers over the past three decades are struggling to address the harmful effects of exhaust gas emissions to meet current and future government regulations, which limit particulate and Nitrogen Oxide (NOx) emissions.
A number of technologies have been implemented to achieve both better efficiency and lower emissions. Particulate Matter (PM) and NOx production along with engine noise is highly dependent on the combustion process. Complete combustion minimises the emissions. The load generated by a diesel engine is controlled by the quantity of fuel injected. Hence complete control over fuel injection is absolutely needed for the best performance of a diesel engine. Precise control over the fuel injection, spray atomisation and fuel-air mixing is essential in making improvements to the combustion process. High pressure injection is used to produce very fine atomisation of fuel which reduces the delay period, combustion duration, and also reduction in smoke formation and NOx emission.
High pressure injection of fuel is an excellent method used to promote the atomisation of fuel. Atomisation by high pressure injection can reduce both particulate and fuel consumption, and can increase engine power [1, 6] . When fuel injection pressure is low, fuel particle diameters will enlarge and ignition delay period during the combustion process will increase [2, 3] . Engine performance decreases because of poor combustion. When injection pressure is increased, fuel particle diameters become smaller. Since mixing of fuel to air becomes better during ignition period, engine performance will increase. If injection pressure is too high, ignition delay period becomes shorter, hence possibilities of homogeneous mixing decrease and combustion efficiency decreases [2] .
Direct Injection (DI) diesel engines generally offer an improvement in efficiency [6, 10] over indirect injection (IDI) systems. Direct injection system of diesel engine (DI) provides low fuel consumption compared with dividedchamber combustion system (in other words indirect injection system) (IDI), because of undivided combustion chamber and no loss at the throat. Hence, DI system is the main stream for automobile diesel engine. On the other hand, DI system is subjected to severe trade-off between NOx and PM in exhaust emission and additionally creates more white or blue smoke compared with IDI system, which requires reduction of these harmful substances from the viewpoint of global environmental protection.
In order to increase engine efficiency and reduce emissions, great attention has been focused on improving fuel atomisation. Raising fuel injection pressure has been found to be effective in promoting fuel/air mixing [1, 5] . The mixture formation of fuel spray and air is a governing process of combustion in the DI diesel engine, which affects the subsequent ignition characteristics, combustion rate, and I J E R T I J E R T exhaust emissions. Therefore, precise control over the fuel injection and thus the spray formation is essential in controlling the combustion process [2, 4, 5] .
The fuel injection system in a DI diesel engine is to achieve a high degree of atomisation [3, 14] in order to enable sufficient evaporation in a very short time and to achieve sufficient spray penetration in order to utilize the full air charge. The fuel injection system must be able to meter the desired amount of fuel, depending on engine speed and load, and to inject that fuel at the correct time with the desired rate. Further, depending on the particular combustion chamber, the appropriate spray shape and structure must be formed.
In general, higher injection pressures significantly reduce particulate matter emissions [1, 6, 13, 16] ; this is often attributed to improved atomisation and enhanced air entrainment, resulting in a leaner mixture in the spray core and hence lower soot formation. Conversely, in-cylinder studies suggest that soot formation is actually enhanced by more rapid evaporation of the fuel, but improved mixture also increases soot oxidation rates, resulting in a net reduction in engine-out soot. Higher injection pressures reduce the size of the emitted particles, with significant reductions in the number of accumulation-mode particles. The primary effect of increasing the injection pressure on the diesel ignition process is to reduce the physical delay, i.e., the time required for the droplets to evaporate and mix with air to form a combustible stoichiometry. Chemical effects, relating to the Brake-up of long chain hydrocarbons and the formation of radicals in the precombustion reactions, are not affected by injection pressure [6] . High-pressure fuel injection can increase turbulence and mixing in the cylinder. High-pressure fuel injection changes the fuel jet shape, momentum and velocity, which in turn affects the rate of entrainment of air by the fuel and penetration of the fuel [2, 7, 8] . In recent years, there have been efforts to bring a high pressure fuel system for promotion of mixture formation to achieve better combustion [8, 17] conditions by the introduction of the common-rail system. In terms of improvement in the fuel characteristics, importance is placed on improving the quality of diesel fuel and a higher injection pressure [8, 15] leading to better mixing and air entrainment.
High-pressure injection system enables the supply of finely atomized fuel to the combustion chamber and enabled to achieve better combustion processes [8, 16] . High fuel injection pressure allows taking full advantage of the increase of fuel flow rate. Compared to high fuel injection pressure, increased nozzle hole diameter allows a limited improvement of specific power output. An increase of fuel flow rate by increasing nozzle hole diameter produces an increase of fuel/air equivalence ratio in the jet which increases soot production and thus limits the potential to increase specific power. At part load, soot emissions are increased when nozzle hole diameter is increased. Hence, the best full load/part load trade off is given by high fuel injection pressure [17] .
Required characteristics of highly pressurized fuel for injection:
1. Injected fuel must have sufficient pressure to penetrate the dense combustion chamber air mass. Air at high pressure in the chamber with the density of the air charge makes it even more difficult to distribute fuel through the tightly packed air molecules. 2. At high rotational speeds, the amount of time available for the injection of fuel is very less. Injected fuel must be atomized, distributed, mixed with air, absorb heat, converted into vapour and begin burning near the end of the compression stroke, just before TDC. Since fuel is injected only near the end of compression stroke, these events must be accomplished quickly to allow for adequate combustion time during power stroke. High pressure injection helps to facilitate a rapid execution of the combustion sequence. This is especially important as engine speed increases. Time available for injection diminishes as the engine speed increases and hence corresponding increased injection pressures are required to quickly deliver fuel into the combustion chamber. 3. High pressure is necessary to Brake-up the liquid fuel into a fine mist. This process called atomisation is enhanced with high injection pressures. Higher pressurization produces increasingly smaller droplets of fuel which readily absorb heat and burn.
When highly pressurized, fuel will Brake up into increasingly smaller droplets promoting better fuel economy, enhanced performance and lower emissions.
The fuel injection pressure in a standard diesel engine is in the range of 200 to 1700 atm depending on the engine size and type of combustion system employed [Heywood,1988] .
II. EXPRIMENTAL SET UP AND TEST PROCEDURE
Experiments were conducted on a Kirloskar make DA10 model single cylinder four stroke, air cooled 7.4 kW (10 hp) capacity diesel engine coupled to an electric current dynamometer for loading purpose. Technical specifications of the engine are as given in Table 1 . Engine is set up as shown in Fig. 1 . Thermocouples are provided at appropriate positions while engine is run with a rated speed of 1500 rpm and injection pressure 180 bar. Experiments were repeated with the rated speed and injection pressure is varied to 190 bar, 200 bar, 210 bar and 220bar. During these trials, injection pressure of the injector can be varied by adjusting the fuel injector spring tension. From fig. 2 , it is observed that for the fixed engine speed with variations on engine loads and increasing injection pressure, the mechanical efficiency starts increasing. It leads to improvement in engine performance. When injection pressure is increased, the fuel particle diameters will become small. Since formation of mixing of fuel to air becomes better during ignition period, engine performance will increase. It is observed that the mechanical efficiency is improved with injection pressure and is found to be the best at injection pressure 220 bar, due to better combustion. sustaining; in turn it needs more fuel consumption to produce the power essential to take the loads. Hence TFC increases with the load, whereas the impact of fuel injection pressure shows that the highest TFC takes place at 180 bar injection pressure and the least TFC at 220 bar. NOx concentration increases monotonically with increase in engine load except for the lowest load. In case of engines with less injection pressure, more fuel is injected at high engine loads, leading to improper atomisation and penetration, which results in higher temperature of the burning gas. NOx concentration is drastically reduced after 200 bar and recorded to be best at 220 bar due higher injection pressure leading to improved atomisation and penetration resulting in better combustion. When high pressurised fuel is injected into the engine cylinder, the injected fuel particles get smaller depending on the increasing injection pressure, and NOx formation is lowered by reducing the ignition delay. From fig. 6 , it is observed that CO 2 emission increases with the increase of injection pressure. It was found maximum at 220 bar injection pressure for all the loads. This is because increase of injection pressure tends to finer fuel spray mixes fuel and air thoroughly makes the combustion process complete. At low injection pressure, fuel droplet diameter gets enlarged resulting in longer ignition delay leading to incomplete combustion and hence least CO 2 emission was observed at lowest injection pressure of 180 bar injection pressure. It is also observed that CO 2 decreases with load. Generally, for a diesel engine, air to fuel ratio is high in the low and medium load regions compared to full load. Due to this, complete combustion may take place at part loads, results in high CO 2 emission. From fig. 7 , it is observed that, as the injection pressure increases, smoke opacity gets reduced with increase in injection pressure for all loads. This is probably because of the smaller drop size of the injected fuel results in better atomisation of fuel and sprays propagation leading to improved and complete combustion. Somke opacity
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CONCLUSION
The conclusions derived from present experimental investigation to evaluate performance and emission characteristics on a single cylinder four stroke light duty diesel engine at different injection pressures are summarized as follows:
As per the results, BTE was found to increase with increasing pressure and was highest at 220 bar pressure whereas TFC was found to be least at same pressure. Nitrogen oxide emission was found decreased with higher injection pressure and lowest at 220 bar pressure, where as CO 2 (the most important product of combustion is a greenhouse gas in that it causes atmospheric temperature to rise) was found least at 220 bar injection pressure and CO 2 increased in the order of 180-190-200-210-220 bar fuel injection pressure. It can be seen from the results that smoke formation is more sensitive to the lower injection pressure and reduced with injection pressure increase for all loads as a result of better combustion.
It is found that result at 220 bar injection pressure was found to be the best among all the trials at various load conditions. Finally, it is concluded that the information obtained from this investigation is useful in the analysis of injection pressure impact in increasing the performance of diesel engines along with their emission control to meet current and future government regulations.
